Phlebotomine sand flies (Diptera: Psychodidae) are the vectors of human and canine leishmaniasis, sand fly fever, and other arboviruses and bacteria. The control of sand flies is recommended by World Health Organization throughout the world. In this study, we investigated the susceptibility of field-collected sand flies against thiamethoxam in Turkey. The adult sand flies collected were from five different locations in three provinces; Yeşilöz and Büyükpınar districts in Antalya province, Develi district in Kayseri province, and Üçpınar and Bayındırlık districts in Manisa province. They were investigated using two different doses (0.125 and 0.25 g ai/ m 2 ) of thiamethoxam under laboratory conditions. After 1-h exposure, all sand flies were found highly susceptible to thiamethoxam and both test doses caused 100% mortality after 24 h. Considering the KDT 50 time, flies collected from Yeşilöz district in Antalya province were found to be most sensitive and flies collected from Üçpınar district in Manisa province were found as the most resistance to thiamethoxam. The results show that Turkish sand flies were highly susceptible to thiamethoxam and it can be used for the control of sand flies in the field.
Adult sand flies (Diptera: Psychodidae; body size 2-3 mm) are about one-third the length of mosquitoes (Alexander and Maroli 2003, Çetin and Özbel 2017) . Because adult females feed on blood, they have developed the ability to be a vector for several diseases, such as canine and human leishmaniasis caused by different Leishmania species, and sand fly fever caused by different phleboviruses. Leishmaniasis, visceral, cutaneous, and mucocutaneous, is caused by more than 20 Leishmania species which are transmitted by infected female sand flies (Maroli and Khoury 2006) . Cutaneous leishmaniasis (CL) is the most common form of leishmaniasis and the results of the many studies show that new endemic areas are being established and the number of CL cases is increasing in recent years. Approximately, one million CL cases occur worldwide every year. The main reasons for this increase are defined as geographical expansion of sand flies as a result of global climate change, vector resistance to insecticides, uncontrolled human migration, and drug resistance of parasites (Khamesipour and Rath 2016, WHO 2018) .
Thiamethoxam is a widely used neonicotinoid insecticide against different agricultural pests and the house fly (Musca domestica L.) in Turkey. Due to its fast and extreme potency on insect nervous system, many products that contain this active ingredient are licensed and used in worldwide against agricultural and public health pests (Maienfisch 2001 , Gao et al. 2014 . The formulations of thiamethoxam mixed with water are often applied as a liquid spray or paint to the inner and outer walls of animal shelters for control of house flies (Khan et al. 2015) .
Because of house flies and sand flies may develop in same breeding sites, this study was planned to determine whether the thiamethoxam doses used in the house fly control programs would be effective on sand flies in the laboratory conditions. Therefore, the susceptibility of adult sand flies to thiamethoxam was tested using sand flies collected from five different locations having different climate conditions and altitude in Turkey.
Materials and Methods
Thiamethoxam active ingredient is dissolved in acetone (stock solution) and applied to the inner smooth surfaces of the glass jars (250 ml) at the application doses approved by the Turkish Ministry of Health. The acetone was allowed to evaporate for 24 h before experiments. For toxicity tests, 0.125 and 0.25 g ai/m 2 doses of thiamethoxam were used on sand fly populations captured in Yeşilöz and Büyükpınar districts in Antalya province, Develi district in Kayseri province, and Üçpınar and Bayındırlık districts in Manisa province in July 2018 using CDC miniature light traps (John W. Hock Company, Gainesville, FL).
Ten field-collected sand flies were put in the glass jar for each test dose replicate of the thiamethoxam and the knockdown ratios of flies for 1 h were noted at 5-min intervals. After 60-min exposure, all sand flies were transferred to clean glass jars and 10% sugar water was put on the jar for keeping survive of alive sand flies, if any. Mortality rates recorded at the end of 24 h. Individuals who could not show normal flight and movement behavior were accepted as knocked down and counted dead after 24 h. The tests were carried out with at least three replicates for each dose in each location. In the control group, only acetone was applied to inner surface of jars.
Values of knockdown time 50% (KDT 50 ) and their confidence limits were calculated with the Probit analysis program of Stut Plus v5 software based on that described by Finney (1971) . Knockdown rates within 1 h and death rates after 24 h are given as an average percentage (%) in the Table 1 .
All specimens used in the bioassay test were stored in 96% alcohol and they were later dissected, mounted, and identified morphologically according to the standard keys (Perfil'ev 1968 , Lewis 1982 , Artemiev and Neronov 1984 .
Results and Discussion
A total of 404 adult sand flies (192 in Antalya, 65 in Kayseri, and 147 in Manisa) were collected and used in bioassay tests (Fig. 1) . After dissection, 11 species of Phlebotomus and one species of Sergentomyia were identified. The dominant sand fly species are P. neglectus/ syriacus in Antalya, P. perfiliewi and P. simici/P. halepensis in Kayseri, and P. papatasi/P. neglectus/syriacus in Manisa provinces ( Table 1) . The identification results showed that most of the tested sand flies are known as vectors of leishmaniasis in the endemic areas of The Old World (Gürel et al. 2012) . These three provinces are also endemic areas for human and canine leishmaniasis. Antalya province is located in Mediterranean Region of Turkey and known as endemic for CL (Özbilgin et al. 2019) , while sporadic CL cases were reporting in Kayseri province located in Central Anatolia (Yazar et al. 2013 ). Manisa province located in western Turkey is also endemic for visceral and CL as well as canine leishmaniasis (Toz et al. 2013 (Toz et al. , Özbilgin et al. 2019 ).
According to our results, both doses of thiamethoxam used against house flies caused 100% death in field-collected sand flies after 24 h. When both doses were compared, there was a significant difference in the KDT 50 values. The lowest KDT 50 values determined for Yeşilöz-Antalya populations were 4.64 and 3.43 min for low and high doses of thiamethoxam, respectively. The highest KDT 50 values determined for Üçpınar-Manisa populations were 171.4 and 58.0 min for low and high doses of thiamethoxam, respectively (Table 1 ). It is thought that this situation is due to the fact that the Yeşilöz district is in a more isolated area and the possibility of application of insecticides is very low. KDT 50 values were detected for 0.25 gr ai/m 2 was lower than 0.125 gr ai/m 2 in all populations (Table  2 ). In the control group, less than 5% death was recorded after 24 h. In some research areas, low-percent knockdown rates within 1-h exposure period may be a sign of kdr resistance to insecticides (Table  3 ). In this case, new tests should be performed in the future and the possible resistance should be monitored by molecular biological techniques. It is almost impossible to find the larvae of sand flies in nature. For this reason, World Health Organization (WHO) recommends studies only for controlling adult sand flies (WHO 2006) . The resting areas of house flies, mosquitoes, and sand flies may overlap in rural as well as in urban areas. In addition to this, the houseflies and sand flies may develop in the same breeding sites because they need similar places for larval development. Therefore, combat with house flies and adult mosquitoes may cause a decrease in the number of sand flies in the common areas they live.
Indoor residual spraying of some synthetic pyrethroids (deltamethrin or alpha-cypermethrin) or organophosphates 3-to 6-mo intervals in visceral leishmaniasis endemic areas can reduce the populations of sand flies (Dhiman and Yadav 2016, Chowdhury . But, we found limited studies for measuring the effect of neonicotinoids on sand flies. Neonicotinoids protect pets against sand flies when applied to collars or when used topically and systemically. Wasserberg et al. (2011) suggested that imidacloprid can be used as a systemic control agent of sand flies. Thiamethoxam and some other neonicotinoids are widely used as spray and paint-on application for the control of houseflies in animal shelter wall surfaces. The use of thiamethoxam in combination of house fly control with sand fly control strategies may be useful and in animal shelters and homes for controlling the Leishmania vectors. Adult sand flies are poor fliers and they usually hop for short distances and rest on sprayed surfaces during night, and for this reason they can easily contact with insecticides on the walls and be easily affected. These applications can be used in areas where the populations of sand flies are high and it will not cause an extra cost. We think that the applications made at intervals of 2-4 wk will also contribute to the control of sand flies.
In conclusion, our results show that sand flies collected from Antalya province, Turkey were highly susceptible to thiamethoxam. According to our laboratory experiment results, thiamethoxam can be used for controlling the sand flies. But, the results of the tests performed in areas where sand flies are dense will be more valuable and susceptibility tests should be performed in periodic intervals. In addition, the possible effects of thiamethoxam on non-target organisms should be investigated in tested areas.
